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ANTI-SKID SYSTEM INCORPORATING MEANS ‘ 
FOR CONTROLLING THE RATE OF 

RE-APPLICATION OF BRAKE PRESSURE 

This invention relates to vehicle anti-skid systems and 
particularly to anti-skid systems for aircraft landing 
wheels. 

In an aircraft anti-skid system means is provided to 
sense the rate of deceleration of a wheel, and to actuate 
brake-releasing means whenever the rate at which the 
wheel is being slowed down by its brake exceeds a 
predetermined value which indicates the commence 
ment of wheel locking. By avoiding the locking of the 
wheel, important objectives can be met including a 
reduction in tire wear, avoidance of directional instabil 
ity, and a reduction in ‘the distance required for braking. 
The last-mentioned objective can be dif?cult to meet 

in certain circumstances, particularly when the tire/ 
runway friction is variable from place to place as the 
result of, for example, pools of water or patches of frost. 
If an aircraft in its landing run crosses an area having a 
low coef?cient of friction, the brakes are released to 
avoid wheel locking, and may not be able to take full 
advantage of areas of relatively high friction which are 
crossed subsequently. 
According to the invention, an anti-skid system for a 

vehicle wheel brake comprises sensing means for sens 
ing excessive wheel deceleration, brake-releasing means 
responsive to said sensing means, means for initiating 
re-application of the brake after a brake releasing opera 
tion, and control means for controlling the rate of re 
application of brake pressure so that after a predeter 
mined time the rate of re-application increases progres 
sively with time. 
The sensing means may take various forms. For ex 

ample, a direct measurement may be made of the wheel 
deceleration rate; alternatively the “slip” of the wheel' 
may be measured relative to the aircraft speed obtained 
from an unbraked datum wheel, or relative to a simu 
lated aircraft speed measurement generated by refer 
ence to the initial landing speed and the time from 
touch-down, assuming a maximum-braked landing run 
with conditions rather better than the best conditions 
actually obtained in practice. The simulated speed is 
normally related automatically to actual aircraft speed 
after each wheel speed recovery operation of the sys 
tern. 

In a preferred example, the skid-sensing means is of 
the latter type, feeding a “quasi-slip” signal into the 
anti-skid control means. In a control system of this kind, 
it is possible to control the pressure level to which the 
brakes are released in accordance with various factors 
including the rate at which the actual wheel speed is 
falling at the commencement of the brake-releasing 
cycle, and the duration of the period which elapses 
before the quasi-slip signal disappears. 

All of the above factors may be employed to deter 
mine the time at which the brake begins to be re 
applied, and the rate of rise of pressure in the brake 
following its initial re-application. The present inven 
tion, however, also provides means for causing the rate 
of re-application of brake pressure to be controlled so as 
to take advantage rapidly of any improvement in fric 
tion coefficient which may occur following the initial 
release of the brake. 
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2 
One embodiment of the invention will now be de 

scribed, by way of example, with reference to the ac 
companying drawings, in which: 
FIG. 1 is a block diagram of an aircraft anti-skid 

system, and 
FIG. 2 is a circuit diagram of a brake pressure re 

application rate circuit, forming part of the system of 
FIG. 1. 
As illustrated in FIG. 1, the system incorporates a 

wheel speed transducer 10 of conventional form, which 
provides an AC signal of frequency proportional to the 
speed of rotation of the braked wheel. The output from 
the transducer is passed to a squarer and buffer stage 11 
which actuates a circuit 12 which includes a monostable 
circuit to produce a series of pulses of ?xed size and 
duration from the squared signal from circuit 11, the 
pulses being passed through a ?lter stage in circuit 12 to 
produce an integrated voltage proportionate to wheel 
speed. ‘ 

The wheel speed signal from circuit 12 is passed to a 
wheel speed memory circuit 13 which generates a signal 
decaying with time at an “ideal” rate to simulate the 
actual aircraft ground speed, and the actual and simu 
lated signals are then both passed to a velocity error 
ampli?er 14 in which their difference is measured to 
provide a “quasi slip” signal. ' 
The quasi slip signal from circuit 14 is then passed to 

three units comprising a velocity error integrator 15, a 
slip ampli?er 16 and slip rate ampli?er 17 which to 
gether form a low friction detector 18, and a brake 
pressure re-application rate circuit 19. 
The slip ampli?er 16 takes the quasi slip signal, and, 

after it has increased to a predetermined threshold 
value, ampli?es it by a known ratio. 
The slip rate ampli?er 17 takes the same quasi slip 

signal but, after the threshold value has been reached 
gives an output proportional to its rate of change. The 
.ampli?ers 16 and 17 are incorporated in an operational 
ampli?er to form the low friction detector circuit 18, 
which has a gain which increases to a higher level after 
a certain level of slip signal input and/or rates of change 
of slip signal input has arisen, thus giving a more drastic 
reaction (Le. a faster drop in brake pressure) to a large 
slip occurring as the aircraft moves from a high-friction 
to a low-friction area. 
The velocity error integrator circuit 15 integrates the 

quasi slip signal to give a desired level for brake pres 
sure re-application after the skid has been corrected. 
The level of pressure for re-application is reduced to a 
greater extent by this circuit if the velocity error is 
relatively larger and/or persists for a relatively long 
time. 
The brake pressure re-application rate circuit 19 is 

provided to enable the system to accommodate changes 
in runway friction from “low” to “high” — for example 
after crossing a partly ?ooded area to a dry surface. 
The function of circuit 19 is to vary the “aiming 

potential” of the velocity error integrator 15 in a non 
linear manner with time. Zero slip is detected and if the 
time during which no slip is present exceeds a predeter 
mined limit (e.g. 0.25 of a second) then a further inte 
grated signal is passed to the velocity error integrator, 
so raising its “aiming potential” approximately propor 
tionately to the square of the further time elapsing after 
the 0.25 second delay. The effect of this is to cause a 
more rapid brake re-application rate as will be described 
later in the speci?cation. 
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An adaptive start circuit 20 is provided to feed an 
arti?cial slip signal into the velocity error integrator, 
when actuated by a weight switch or wheel spin-up 
signal on touchdown. This effectively dumps brake 
pressure prior to touchdown and initially applies brake 
pressure, after wheel spin-up and/or weight switch 
operation, at a faster rate than during normal skid con 
trol operation. 
A solid-state switch unit 21 is provided in series with 

the output from the circuits 15 and 18, operated by the 
spin-up signal or weight signal on touchdown. Follow 
ing the unit 21, the output signal is passed through a 
summing ampli?er 22 and an “OR” gate 23 which also 
accepts the output from a similar system controlling a 
wheel on the opposite side of the aircraft. 
The output from the OR gate is then passed to a valve 

driver circuit 24 which operates a common brake 
release proportional control valve for the paired 
wheels. 
As illustrated in FIG. 2, the brake pressure re 

application rate circuit 19 is fed from the circuit 14 with 
a voltage Vs corresponding to the quasi-slip signal. This 
is fed to a comparator 30 which responds to near-zero 
level of slip which causes Vs to go to a low level, caus 
ing the output of the comparator 30 to rise to a high 
level, charging capacitor C1 through R4. A second 
comparator 31 has a threshold set by the potential at the 
junction of R5 and R6 corresponding to the voltage 
achieved after a delay of 0.25 of a second due to the 
time constant of the charging circuit for C1. When the 
voltage across C1 reaches this value the output from 
comparator 31 drops to a low level, reduction in the 
current through R7 and the associated photo-emissive 
diode 32 causing photo-transistor 33 to stop conducting. 
The diode 32 and photo-transistor 33 constitute a solid 
state switch which upon operation as described above 
removes an effective short-circuit from across capacitor 

, C2 which forms part of a brake pressure rate increasing 
circuit C2, R9, 34, R8 allowing it to charge towards the 
10 volt supply. The solid state switch provides complete 
electrical isolation between the comparator 31 and the 
brake pressure rate increasing circuit: as a consequence, 
the charging and discharging of C2 is held to a square 
law characteristic. 
The voltage input to integrator 34 thus rises above 

the 5 volt level and its output reduces at a rate deter 
mined by R9C2 and the gain of integratory34. 
The reducing output from integrator 34 reduces the 

input to the velocity error integrator 15, increasing its 
output and thus, via the inversion in the summing ampli 
?er, reducing the valve drive output and thereby in 
creasing the brake pressure more rapidly. The effect is 
of integrator 34 feeding integrator 15 to provide an 
output falling proportionally to the square of the time 
elapsing after the 0.25 second delay, thus providing a 
brake pressure increasing with the square of the same 
time. 
When slip occurs again, comparator 30 changes state 

and C1 discharges rapidly through D1 and the output 
stage of comparator 30 falls to zero volts. Consequently 
comparator 31 changes state, causing current to ?ow 
through diode 32 which in turn causes conduction of 
photo transistor 33: this causes integrator 34 to revert to 
its “voltage follower” mode, returning its output to the 
5-volt level, thus re-setting the circuit to its normal 
state. 
The system described above has the advantage that 

the rapid brake re-application rate provided after a 
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i-second delay on crossing from a low- to a high-fric 
tion surface enables the optimum use to be made of the 
available friction and thus reduces the length of runway 
needed to bring the aircraft to rest. 

In the example described above the anti-skid system 
relates to the control of brake pressure for a single 
wheel, taking its wheel speed signal from that wheel. In 
a multiple-wheel aircraft undercarriage it is possible to 
provide an anti-skid system as described for each wheel 
independently of all other wheels or the wheel speed 
signals from pairs or groups of wheels may be combined 
together to provide a simulation of aircraft velocity (on 
the assumption that the highest wheel speed at any time 
is a true measure of aircraft speed). The difference of 
any particular wheel speed from that highest speed 
represents a skidding condition and is used as described 
above to provide a velocity error signal. 
Having now described our invention, what we claim 

is: 

1. An anti-skid system for a vehicle wheel brake com 
prising sensing means for sensing excessive wheel decel 
eration, brake-releasing means responsive to said sens 
ing means, means for initiating re-application of the 
brake after a brake-releasing operation, and control 
means for controlling the rate of re-application of brake 
pressure so that after a predetermined time during 
which the brake pressure is re-applied at a relatively 
low rate, the rate of re-application increases progres 
sively with time. 

2. An anti-skid system according to claim 1 wherein 
the said rate of re-application after a predetermined time 
increases with the square of the subsequent time. 

3. An anti-skid system according to claim 1 wherein 
the skid-sensing means is of the kind which compares 
the speed of the braked wheel with a simulated vehicle 
speed signal. 

4. An anti-skid system according to claim 1 compris 
ing a low friction detector circuit to provide a greater 
drop in brake pressure when the level of slip and/or the 
rate of change of slip is greater than a predetermined 
amount. 

5. An anti-skid system according to claim 1 compris 
ing a velocity error integrator circuit which acts to 
reduce the level of pressure for re-application of the 
brake to a greater extent if the velocity error is rela 
tively large or persists for a relatively longer time. 

6. An anti-skid system according to claim 1 compris 
ing an adaptive start circuit responsive to a wheel spin 
up signal or weight switch and arranged to dump brake 
pressure prior to touchdown and to apply brake pres 
sure after wheel spin-up or weight switch operation 

- initially at a faster rate than during normal skid control 
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operation. 
7. An anti-skid system according to claim 1 wherein 

the said control means comprises a solid state switch 
and a brake pressure re-application rate increasing cir 
cuit, the solid state switch being arranged to isolate the 
brake pressure rate increasing circuit so as to ensure that 
the brake pressure increases with the square of the time 
elapsing after operation of the solid state switch. 

8. An anti-skid system according to claim 7 wherein 
the solid state switch is arranged to be actuated when 
ever the wheel slip falls below a predetermined level, 
the output from the velocity error circuit being fed to a 
comparator which charges a capacitor until it reaches a 
voltage level set in a second comparator which is ar 
ranged to operate the solid state switch after a predeter 
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mined time depending ‘on the time constant of the 
charging circuit for the capacitor. 

9. A braking system for a vehicle comprising a brake 
associated with the vehicle and an anti-skid system 
comprising sensing means operating to compare the 
speed of the braked wheel with a simulated vehicle 
speed signal to provide a quasi-slip signal, brake-releas 
ing means responsive to an excessive quasi-slip signal to 
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6 
release the brake, means for initiating re-application of 
the brake after a brake-releasing operation, and control 
means for controlling the rate of ire-application of brake 
pressure so that after a predetermined time during 
which the brake pressure is re-applied at a relatively 
low rate the rate of re-applicatilon increases progres 
sively with time. t . 


